Wintering cattle directly in the field creates potential concerns with water quality, as nutrients added from urine and fecal material over the winter can end up in runoff water, ground water and soil. In 2008/2009 an experiment was conducted to observe the effect of in-field winter feeding of cows on the nutrients in spring snowmelt run-off water. Low temperatures give little opportunity for organic N, urea and ammonium added in the urine and fecal matter to convert to nitrate, resulting in nitrate-N concentrations in snowmelt run-off water that were similar in the control and winter fed areas.
INTRODUCTION
On the Canadian prairies, many cow-calf producers are adopting an in-field overwintering system. The in-field system can potentially lower cost of production due to reduced yardage and manure hauling costs. The in-field overwintering system was shown in previous research to increase retention and recycling of nutrients contained in feed as the nutrients are applied directly to the field instead of being lost in the pen before being transferred to the field ( Jungnitsch ). Increased return of nutrients to the soil and potential loading with high stocking rates in the field raises concern with prospective nutrient transport in runoff water.
Phosphorus, usually in the form of orthophosphate, is a nutrient that is of concern in runoff water from prairie agricultural landscapes. Eutrophication is primarily caused by elevated concentration of phosphorus in the water (Singh et al. ) . Glozier et al. () worked in a small agricultural watershed on the prairies and proposed a guideline that runoff water should not exceed 0.26 mg total P L À1 .
Runoff water with elevated nitrogen concentrations is undesirable and total nitrogen concentrations should not exceed 1.16 mg L À1 to ensure a healthy watershed (Glozier et al. ) . When nitrogen is applied in excess, ammonium-N and nitrate-N can be lost through surface or subsurface flow and nitrate-N can be lost by leaching (Forman ; Freney ; Larney & Hao ). Glozier et al. () proposed a guideline for maximum levels of nitrite, nitrate and ammonium in runoff water at 0.28 mg L À1 for NO 2 -N/ NO 3 -N and 0.12 mg L À1 for NH 4 -N. Above 10 mg L À1 NO 3 -N, the nitrate-N can become harmful to human health (Forman ; Stumborg et al. ) . Jungnitsch et al. () first looked at the soil nutrient content, forms, forage growth and nutrient recovery as influenced by a cattle in-field winter feeding system located on pasture near Lanigan, Saskatchewan. The current study follows the work of Jungnitsch et al. () by providing additional information on nutrient flows in winter feeding systems, with the objective of determining the effect of imposing a cattle in-field winter feeding system on the nutrients in snowmelt runoff water. Our hypothesis is that the concentrations of phosphorus and nitrogen in snowmelt runoff water will be elevated in the winter feeding site watersheds. This hypothesis was tested by collecting surface water samples from catchment basins in paired winter feeding (treatment) versus control (no winter feeding) watershed basins in a pasture field near Lanigan, Saskatchewan, Canada. The water samples were analysed for forms and concentrations of nitrogen and phosphorus. The effect of winter feeding versus no winter feeding on the labile, exchangeable levels of nitrogen and phosphorus in the soil surface (0-10 cm) layer in the spring was also assessed.
MATERIALS AND METHODS

Site
The study was conducted on a Russian wild ryegrass pasture [2003] [2004] [2005] [2006] [2007] [2008] . The terrain in the field is hummocky, creating ephemeral wetlands (basins) for the runoff water to collect.
Paddock/catchment layout
In the fall of 2008, the pasture was divided into a control area containing 4 basins and a treatment area (cattle winter feeding) with 4 basins (Figure 1 ). The control area was 6 ha and the winter feeding site was 3 ha in size. Approximately 100 beef cows were bale grazed during the winter of 2008-2009 at a stocking rate of 2218 cow-days ha À1 for 88 d in the winter feeding area of the pasture. The cattle were fed on 255 round bales weighing 545 kg on average, composed of mainly bromegrass with 5 to 10 percent alfalfa. The manure produced by the cattle was approximately 274 tonnes. The cattle were managed within the bale fed area using portable electric fence to control animal access to feed and minimize feed wasting. The farm yard basins (F1S and F3S) were located on the Termuende Research Ranch where 300 cattle are green feed or bale fed from late January to the end of May. The ranch has been established since the 1970s and the paddocks are located on 32 ha of land. The yard basins were not replicates of the winter feeding basins, F1S and F3S were selected to monitor the snowmelt runoff that drained into the basins during the spring 2009 snowmelt for comparison purposes.
Water measurements
Data loggers were installed in basins T2S and T1S in the treatment (winter feeding) site, basins C1S and C2S in the control site and basin F1S from the farm yard site (Figure 1 ). Water Survey of Canada metric staff gauges were installed in basins T3S and T4S in the treatment site, C3S and C4S in the control site and F3S in the farm yard site ( Figure 1 ). The data loggers recorded water depth in basins while the staff gauges were visual markers for manually measuring water depth.
Nutrient losses
On 31 March 2009 runoff water collection started in the 10 basins from the winter feeding, control and farm yard sites and continued daily until the spring melt was complete on 19 April 2009.
Water samples were frozen at À20 W C until they were thawed and filtered through a 0.45 micron mixed cellulose ester gridded filter paper through Millipore glass apparatuses. The filtered samples were stored in 50 mL vials and analyzed using a Technicon Autoanalyzer II (Keeney & Nelson ) for orthophosphate-P (PO 4 -P), nitrate-N (NO 3 -N) and ammonium-N (NH 4 -N). Orthophosphate-P was measured using the ammonium molybdate blue method (Murphy & Riley ) in an automated analysis system (Technicon Industrial Systems a). Nitrate-N and ammonium-N were measured using automated colorimetry (Technicon Industrial Systems b; Keeney & Nelson ). 
Soil
Soil was sampled using hand augers to 0-10 cm depth. A sampling grid was utilized during the soil collection. In the fall of 2008 prior to in-field feeding, a total of 50 soil samples were collected across the control and winter feeding watershed locations. After the spring melt in May 2009 a total of 150 soil samples were collected from grids across the control and winter feeding site. Soil samples were spread out and air-dried for 7 days. The samples were then ground to pass through a 2 mm sieve and stored at room temperature in vials until analyzed. Nitrate-N analysis was completed using the 2 mol/L KCl method (Keeney & Nelson ) . In this method, 5 g of soil is measured into 250 mL extraction bottles. Then 50 mL of 2 mol/L KCl is added to the bottles that are shaken at 142 rpm for 1 h. The suspension was then filtered through Whatman ® #454 filter paper into 50 mL vials. The vials were stored in a cooler until colorimetric analysis was completed using a Technicon Autoanalyzer II (Technicon Industrial Systems b). Water extractable labile P analysis was completed using the method of Schoenau & Huang () . In this method 2 g of soil was weighed into a 100 mL plastic bottle. Then 100 mL of distilled water was added to the containers and they were shaken at 200 rpm for 1 h. The samples were then filtered through a 0.45 micron mixed cellulose ester gridded filter paper using a Millipore glass filtration apparatus. The samples were stored at 4 W C until colorimetric analysis using the Murphy & Riley method ().
Statistical analysis
Soil and water nutrients were transformed using log and square root and then tested for normality using the Shapiro test (Crawley ) . Water and soil samples were statistically analyzed using the Mixed Model using the coding 'lme' from the statistical program R (Crawley ). The Mixed Model works well for experimental units that are spread across time and data points that are not independent. Results of the model were summarized by running an ANOVA (Crawley ). The model was set to focus on the significant difference between the control basin and the winter feeding basin water, and whether time measured in days influenced the results. The farm yard (F1S and F3S) was only replicated twice and therefore could not be compared statistically. The soil collected from the control and winter feeding sites in the fall, 2008 and spring, 2009 were analyzed for significant differences. Differences were considered significant when the p value was less than 0.05. The degrees of freedom numerator and denominator are reported to give an idea of the sampling size. The F value or F statistic is shown to better understand the variance of the model.
RESULTS AND DISCUSSION
Water
Concentrations of orthophosphate-P collected in the snowmelt runoff water from the in-field overwintering sites were significantly elevated compared to water from the control watersheds ( Figure 2 and Table 1 ). Orthophosphate-P collected in the snowmelt runoff water had an average concentration of 10.72 mg PO 4 -P L À1 from the four winter feeding basins compared to the control basins' average of 0.47 mg PO 4 -P L À1 (Figure 2) . Ammonium-N in runoff water was also significantly elevated compared to the control water ( Figure 3 and Table 1 ). The average ammonium-N concentration in the run-off water in the four winter feeding basins was 40.17 mg NH 4 -N L À1 compared to the four control basins' average value of 0.33 mg NH 4 -N L À1 ( Figure 3 ). There was no significant difference in nitrate-N concentrations in water from the overwintering sites versus the control (Figure 4 and Table 1 ). The average nitrate concentration in snowmelt run-off from the four winter feeding basins was 0.25 mg NO 3 -N L À1 and was 0.19 mg NO 3 -N L À1 for the control basins (Figure 4) . The lack of effect of winter feeding on nitrate concentration in runoff water is attributed to dominance of organic N, urea and ammonium in deposited cattle dung and urine (Barrow ) . Furthermore, cold temperatures would have limited the conversion of ammonium to nitrate in the process of microbial nitrification (Stark & Firestone ) . The nitrate found in the runoff water is likely to have been derived from what was originally present in the pasture soil. This explains the concentration of nitrate in the control and winter feeding runoff water being similar and low. Control plot (4 control basins) versus winter feeding plot (4 treatment basins). The bars denote standard deviation, x control basin, y farm yard basin, z treatment (winter feeding) basin.
Soil
There was no significant difference in water extractable phosphorus in the soil samples taken from winter feeding and control grids set up across the watersheds in May 2009 (Tables 2 and 3 ). Water extractable phosphorus in the surface layer (0-10 cm) of the soil was lower in the spring of 2009 than in the fall of 2008 for both control and winter feeding treatments. This likely reflects the rapid uptake of residual manure phosphate by the pasture grass roots and soil microbial populations in the spring when the soil warmed up. Soil nitrate-N had a similar trend to the run-off water nitrate-N, with no significant difference between the control and the winter feeding sites (Tables 2  and 3) . Similarly the soil nitrate-N was not significantly different between the fall and spring sampling. The soil nitrate-N decreased from fall to spring for the control site as was the case with the water extractable phosphorus ( Table 2) . Uptake of nitrate in spring by grass roots and soil microorganisms is an explanation for this decline. In the winter feeding site the soil nitrate-N did increase suggesting the onset of microbial nitrification, in which ammonium is converted to nitrate-N.
CONCLUSION
Elevation of orthophosphate-P and ammonium-N concentrations in snowmelt runoff water from winter feeding sites indicates that these sites should be located in the landscape to avoid runoff water entering into sensitive surface water bodies. Similar nitrate-N concentrations in snowmelt runoff water from control and winter feeding sites may be explained by cool temperatures limiting microbial conversion of ammonium to nitrate. Lower water soluble soil phosphate in spring compared to fall is attributed to rapid plant and microbial uptake of phosphate in spring as the soil warmed and the pasture began early season growth. Early season growth may potentially reduce further losses from late spring snowstorms and rains when the feeding occurs on pastures with species that utilize nutrients early on in the spring. There is potential for farmers to use cropped lands for winter feeding as well as pasture land. Future studies should consider looking at composition of snowmelt runoff water from winter feeding sites located on annual cropping land. It would also be beneficial to look at the composition of snowmelt runoff water for a number of years Fixed factor numDF a denDF b F-value (μg g À1 ) p-value c (μg g À1 ) F-value (μg g À1 ) p-value c (μg g À1 ) after the cattle winter feeding has stopped to determine how long the runoff water would be a potential source of nutrients.
